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SUMMARY 


_ A multi-channel goniometer (MCG) for gamma-gamma angular correlation measurements is 
described. The apparatus has four channels. Various methods of measurement and a complete 
treatment of data are given. The MCG has been carefully tested with well known correlations 
(Bi2%?, Hf!8! and Co®). As applications the angular correlations of gamma cascades from Ba?*? 
and Nd47 have been investigated. Both cases involve J-forbidden magnetic dipole transitions. 
From the mixing ratios determined in the correlation experiments it is possible to estimate the 
strength of forbiddenness. An upper limit of the g-factor of the 92 keV level in Pm!4? is determined 
by studying the influence of a magnetic field on the angular correlation. 


1. Introduction 


* Recently an apparatus for angular correlation measurements was described [1] 
4n which four detectors were used instead of two detectors. The basic idea was to 
record the coincidences between any two of these four detectors simultaneously. 
The main advantage of such an arrangement is the increased coincidence efficiency. 
In this paper will be given some details of the construction, various methods of 
measurement, complete treatment of data, and applications. 

In ref. [1] the apparatus was named the ‘Multi-Coincidence Goniometer”’. The 
expression “multi-coincidence”’ is not suitable because it may refer to triple and 
quadruple coincidences, which are not wanted in this apparatus. A more adequate 
name is “Multi-Channel Goniometer’’ (MCG). 


2. The Block Diagram 


How the MCG works has been described in detail elsewhere [1]. A short description 

will be given here. 

The four detectors each consisting of a Nal(Tl) crystal, a photomultiplier and a 
cathode follower, view the same source (Fig. 1). From the linear amplifier in each 
channel (cf. block diagram, Fig. 2) the pulse spectrum is fed into a limiting amplifier 
and then into a fast coincidence unit. 

When pulses from any two counters are in coincidence the fast coincidence unit 
delivers an output pulse to a “conditioned gate” in each channel. 

From the gates the pulses go to a “eoincidence matrix’’, which determines between 
which two counters the coincidence has occurred. The unit delivers output pulses to 


+wo rows each of six terminals. 
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Fig. 1. The four scintillation detectors of the MCG. 
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Fig. 2. Block diagram of the MCG. 
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‘The first row is connected to the final gate. Each pair combination of the detectors 
corresponds to a terminal of this row. 
The second row is connected to the main gate, where it gates the two coincident 
ulses into two channels for energy selection. 
This energy selection takes place in an ordinary two-channel coincidence spectro- 
1eter with differential discriminators. However, as shown in the block diagram (Fig. 
) a “coincidence cross delay” is introduced. This arrangement improves the coinci- 
dence counting efficiency by a factor of two. From the output of the slow coincidence 
unit, signals are fed to the final gate. 
_ The final gate transmits the pulses from the coincidence matrix to the register 
‘units provided there comes a pulse from the slow coincidence unit. Thus, for each 
detector pair combination, there is obtained the number of coincidences that have 
ulfilled the energy condition set by the differential discriminators. These coincidences 
‘are recorded on six register units representing the combinations 12, 18, 14, 23, 24 
and 34. 
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3 3. Some details of the construction 
4 
(a) Limiter potentiometers.—The problem of triple coincidences is of importance in 
‘the MCG. In many decay schemes there is an X-ray (or another gamma ray) in 
coincidence with the double gamma cascade of interest, and this fact can lead to 
triple coincidences. For instance the fast coincidence unit can be triggered by a gamma 
combination of which one gamma ray does not fulfill the energy conditions. Then, 
“within the resolving time of the slow coincidence unit, a third gamma ray with the 
“proper energy can appear and this gives rise to false coincidences in three combina- 
‘tions. This effect can be considerably decreased by the limiters. By attenuating 
‘potentiometers in the limiters the minimum pulse height for giving an output pulse 
can be adjusted. Thus it is possible to cut off completely the low energy part of the 
spectrum and the triple coincidence effect becomes negligible. 

(b) Cross delay.—The cross delay is of LC-type. The delay time was originally 3 us 
in each channel. However, in the presence of a very large pulse the differential discrimi- 
nators could be blocked for the small pulse that followed after 3 us. Therefore the 

delay time was increased to 6 us. The small spectrum distortion that is introduced 

by the MCG and the cross delay is demonstrated in Fig. 3. The curve a shows the 
single gamma ray spectrum of Bi?°’, taken with one detector followed by a linear 
amplifier and a differential discriminator. The curve b shows the same spectrum, 
“now passed through the MCG and the cross delay. The curve 6 is a combination 
of six coincidence spectra of which three have passed directly from AMPL I to DIFF. 
piscr. 1 (Fig. 2) and three have been “crossed”’ from AMPL. II to DIFF. DISCR. I. The 
curve b is taken at the output of the discriminator I (Fig. 2). eae 

(c) Single spectra through the M CG.—In order to adjust the over-all amplification 
of each channel so that the four gamma ray spectra overlap, it is necessary to be able 
to measure the single spectrum from each detector through the MCG. Also for evaluat- 
ing the number of accidental coincidences in each combination it is necessary to 
know the single counting rates. The single spectra from one detector through the 
MCG is obtained if the same detector is connected in parallel also to another limiter. 
One then gets artificial coincidences of the same number as the single counts. In 
practice a special switch is introduced (not shown in Fig. 2), where it is possible to 
make the necessary connections only by turning the switch. 
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Fig. 3. Gamma ray spectrum of Bi%’, (a) single spectrum from one detector, (6) coincid enc 
; spectrum through the MCG and the cross delay. 


4. Methods of measurement 


In angular correlation experiments one determines the coefficients A, in the correla 
tion function 


W(6)=>4,P, (cos 0) v=0, 2, 4. a) 


The coefficients A, depend on the spins and the multipolarities of the gamma cascade. 
The number of terms in W (6) is determined by 


Ymax< min (2L,, 2L,, 2L5), (2) 


where J, is the spin of the intermediate level and L, and L, are the multipolarities of 
the gamma cascade. 


The minimum number of angles 9 to be measured if a complete knowledge of the 
correlation function W(@) is wanted, is determined by eq. (2). 
For the MOG measurements there are various angular arrangements of the detectors 


available. Depending on eq. (2) for the actual case one or two of these arrangements 
are used. 
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fig. 4a) is the simplest and most often used. a 


_ W(180)— W (90) 
ee 8) 


‘The anisotropy A gives all information necessary if Ymax = 2, i.e. when I, <3 
nd/or one of the gamma radiations is pure dipole according to eq. (2). 
In many cases it is of interest to study how the angular correlation depends on 
» chemical or physical form of the source or on an external magnetic field. Then 
anisotropy A gives the answer even when ?pax> 2. 
When the source is a positron emitter, A does not give a good answer since the 
oincidence rate at 180° is enhanced through the annihilation radiation. 
-(b) The semi-symmetric arrangement (Fig. 4b) is in many cases complementary 
9 the arrangement a. The angle @ is mostly 45° and the angles measured are 45°, 
and 135°. In this arrangement 45° (135°) appears fourfold and 90° twofold. From 


se angles one obtains the anisotropy U defined as 


W (135) — W (90) 
W (90) (4) 


U= 


Ww hen A and U are known one can calculate the coefficients A, and A, in W (6). 
- The angle § = 60° can also be used. One obtains then the anisotropy V defined as 


oi 
x. W (120) — W (90) 

E = 5 
g W (90) (5) 
‘ Tn the case of a positron emitter and when ?max =4, U and V are the quantities 

orrelation function W (0). 


necessary for calculating A, and A, in the o 
_ (c) The asymmetric arrangement (Fig. 4c) uses six different angles, namely 60°, 
15°, 90°, 135°, 150° and 165°, each angle onefold. Since the number of angles 0 now 


‘is larger than the number of terms in the correlation function one uses a least square 
fit for calculating the coefficients A, and A,. It will be shown below that this method 


is not as accurate as arrangements a and 6. 
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Acsired pulses pied by a certain, gamma ray _ (signal) 
pulses from other gamma rays (noise). The pee to ae ratio is not 
same for all four detectors. 

(a) There is, however, a more accurate method. Let Cy Be the number of ¢ 
dences between gamma ray Ain detector wand gamma ray Bin detector j G >t 


Ain detector j and gamma ray B in detector 1 will also be recorded and arem 
; O;;. The coincidence rates then become 


~ 


Nia: Make 


4 


Cy = f(9), 


.™ 


Ny ote 
=~ ee = (6), 


where Nj, etc. is the number of pulses from gamma ray A in detector i, etc. N, o 18 
the total source strength and / (0) is the angular correlation function. Because of the 
construction of the main gate, the pulses from detectors 2 and 3 can each go different 
ways according to the combination in which they appear. Thus one has Ny 4 and 
Nova, Noa and Ny ,, and the corresponding numbers for the gamma ray B. With 
the symmetric arrangement (Fig. 4a) one has the following coincidence rates: 


Mia: No. Noa-N3 
almeey comme (UCM! trp 
No 
N, aN, a , , 
Cg AEF 7(180); Oy =A 24 Mt 4190) | 
0 0 
Mia: Ng Nea’ Ns 
Og Og Sie 
0 . 0 


and the corresponding expressions for the “crossed’”’ coincidence rates Chi, where 
A and B interchange. 


The following ratios are formed: 


Cik 
Ua Cy and diz Cyt (9) 


where ijk =123, 234, 341, 412. 
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1 the MCG one does not register the “direct’’ (C;,) and the “crossed” ( aH coinci- 
ce separately, but the sum of them (0;, + Cj;). However, eq. (12) can to a very 
proximation be written as 
is 4 — 
i Cis : C24 : 
A= pirating Uses a1 13 
Cyp° Cog * Caa° Cis ce 


ere now ©;, stand for the sum (C,; + Cj) and are the six coincidence combina- 
is recorded on the registers. 

‘With the semi-symmetric arrangement (Fig. 4b, note the order of detectors: 1,2, 
3) exactly the same analysis can be carried out as for the symmetric arrangement. 
hen § =45° one obtains the anisotropy U as 


ee 


4 
eee a" Cyo*C'o3° Ca4° Cra _ 
ad I 4 


and a similar expression for the anisotropy V when 6 = 60°. 


_ (b) Anexact method can be applied if 0}, and C,, are excluded from the treatment. 


For the “direct” coincidences one then obtains according to eqs. (8) 


. 15 See Oggi eaeory ee 


3 3 pe) 
+ Cis ; Cog f (90) 


‘Egg. (11) and (15) then give 


Cay (16) 


A= 
Cis i C3 
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'as in an ordinary angular correlation measurement. 
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or the anisotropy U (Fig. 4b) 


treatment f 


(c) The asymmetric arrangement (Fig. 4c) cannot be treated with the abov 
mentioned methods. It is here necessary to normalize the coincidence rates wit 
the single counting rates. — 


G Si iis eee } (1g 
me ame ig Nya t+ Nya: Niz | 


The single counting rates N24 etc. can easily be measured according to Chap. 3c 
Cj, norm are then fitted to the correlation function W (@) with a least square method 


6. Corrections 


The corrections, which have to be applied in an MCG-measurement, are the same 


(a) The numbers of accidental coincidences in each combination are determine 
according to the relation 


C13, ace = 2 Tig (Nia> Nya + Nya+ Nip). (19) 


T;; are the resolving times of the respective combinations. The resolving times were 
measured with oscilloscope and with the technique of two independent radioactive 
sources and were found to vary from 0.49 us to 0.67 ws. It is somewhat surprising 
that r;, is not a constant for all combinations. The reason might be the different count- 
ers and linear amplifiers in the combinations. | 

(6) The correction for the counter solid angle has been determined according to 
a method proposed by Lawson and Frauenfelder [2]. The energies investigated were 
0.661 MeV (Cs!87) and 1.33 MeV (Co®) and the correction was determined for two 
distances between source and detector, 5 em and 10 cm. For distances between 5 
and 10 cm one can interpolate. 

(c) The problem of scattering from one detector to another is usually not serious, 
since only the photopeaks of each gamma ray are recorded. Lead blocks, one in. 
thick, have been used between the detectors, but they did not have any influence 
on the measurements. 


7. Applications 


(a) Bi?0", Hf8! and Co®.—The decay schemes are well established (Fig. 5) and the 
angular correlation functions are determined to a high degree of accuracy. Therefore 
these cases are well suited as tests of the MCG. The angular correlation of the 1.064- 
0.569 MeV cascade from Bi2°? was determined by McGowan and Campbell [3], 
the 0.133-0.482 MeV cascade from Hf!81 by McGowan [4] and also by Heer et al. [5]. 
Finally, the angular correlation of the 1.17-1.33 MeV cascade from Co® was deter- 
mined by Klema and McGowan [6] and also by Lawson and Frauenfelder [2]. 
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: ‘Fig. os Decay schemes of Bi2°? (ref. [23]), Hf!8! (ref. [24]) and Co (ref. [25]). 


The results of the runs with Bi2°7, Hf8! and Co® are shown in Table 1. The previous 
asurements are also given for comparison. Thus it is shown that the MCG works 
erly. 

_ (b) Ba1*!—The decay scheme of Ba!3! (Fig. 6) was determined by H. Vartapetain 
{7]. Bat®1 (742 =11.5 d) decays by electron capture to excited states in Cs!8!. The 
ure transition to the ground state of Cs!2! has not been found. The 122 keV 
nsition occurs between gz/2 and dsj levels and is an l-forbidden M1 transition 
1 =2, Aj =1). The conversion coefficient of the 122 keV transition indicates that 
jis pure M1 [7]. An angular correlation measurement with the 122 keV gamma 
- should reveal any presence of #2. _ 

The halflife of the 122 keV level has been measured by H. Vartapetain et al. [8] 


be (4.0 + 0.3)-10-9 s. 


Table 1. Results of the correlation experiments on Bi’, Hf18! and Co®, 


Isotope | Detector | Treatment Result Result Previous | por 
source et of data A and U A, and A, rneasurement : 


Fig. 4a | Eq. (13) | A= +0.342+0.030| A, = + 0.0224 0.016 | A, = + 0.2208! [3] 
Fig. 4b | Eq. (17) | U=+0.188+ 0.028) A,= — 0.0164 0.024) 4, = — 0.0180 


Fig. 4a | Eq. (16) | 4=—0.33240.017) A,= —0.23020.012 A, = — 0.280 | [4] 
Fiz. 46 | Hq. (17). | U- —0.102+0.020) 4,= — 0.080 0.020 A,= — 0.057 


iol 


Fig. 4a | Eq. (13) | 4= +0.14840.015| A,— + 0.0964 0.009 A, = + 0.1020) [6] 
Fig. 4b | Eq. (14) | U=+0.06L40.015) A,= + 0.01240.015 A,= +.0.0096 
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Fig. 6. Decay scheme of Ba13!. 


The barium activity was produced by bombarding caesium chloride with 42 Me\ 
protons in the synchrocyclotron of the Werner Institute, Uppsala. The reaction was 
Cs183(p,3n) Bal8!, The isomeric Bat*8"(7',,2 =35 h) was also produced but after e 
few days it did not disturb the measurements. The caesium chloride was dissolved 
in acetic acid and the barium was precipitated as barium chromate. The barium 
activity was then precipitated as barium chloride dissolved in hydrochloric acid. 
In this form it was used for the angular correlation measurements. 

It is of importance to have the source in solution because of the lifetime of the 
intermediate level. In a solid source one can expect extranuclear effects, which can’ 
attenuate the correlation. 

The angular correlation of the 496-122 keV cascade was investigated. The 496 keV 
transition is a quadrupole transition between 3/2+ and 7/2+ states. Thus no 
dipole admixture is possible and no octopole admixture is expected. The high energy 
transition in coincidence with the 122 keV line is of very low intensity and the coinci. 
dences can be neglected. ; 


The anisotropies A and U were determined and the data were treated according 
to eqs. (16) and (17). The results were 


A = + 0.0100 + 0.0038, U = + 0.0067 + 0.0038. 
After correction for counter solid angle the following correlation function was obtained 
W (0) = 1 + (0.007 + 0.002) P, (cos 0) — (0.002 + 0.004) P, (cos 6). 
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7. A, and A, as functions of the mixing 
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The 496-122 keV cascade represents the spin sequence 3/2(Q)7/2(D + Q)5/2. 
coefficients A, and A, as functions of 6, the mixing parameter of the 122 keV 
sition, are given in Fig. 7. The experimental values of A, and A, define 

6x92 = + 0.180 + 0.005. 


s therefore concluded that the 122 keV transition in Cs!*! is 
(97 +1)% M1 + (8 +1) % #2. 


(c) Nd*47,—The decay scheme of Nd” (Fig. 8) was determined by Hans ef al. 
)]. Nd#47 (71,2 = 11 d) decays by beta emission to excited states in Pm™’. The ground 
state of Pm14’, which decays to Sm147, was given the spin ds,2 from the first forbidden 

sharacter of the beta-transition. The absence of a beta-transition to the ground 
stat of Pm™’ suggests that the ground state of Nd’ is ho. Conversion data identity 
the 92 keV transition as M1 and the spin of the 92 keV-level was taken as 97/2. 
Accordingly the 92 keV transition occurs between g7j2 and ds)2 levels and is an l- 
forbidden M1 transition. 

e The halflife of the 92 keV level was measured by Graham and Bell [10] to be 2.44 

OF? -s. 

Ambler et al. [11] measured the angular distributions of the 92 keV and 530 keV 
nes in a nuclear alignment experiment. The anisotropy of the 530 keV line led to 
he prediction of spin 7/2 or 9/2 for the 530 keV level. The isotropic distribution of 
the 92 keV line was first understood as an attenuation effect due to the lifetime of 
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Fig. 8. Decay scheme of Nau, 


that level. Later their opinion was revised [12] and the isotropy of the 92 keV ine } 
was interpreted as a result of mixing of the quadrupole and dipole radiations. For 
the mixing ratio 6 = + 0.17 a complete isotropy is obtained. 

Recently Bishop et al. [13] carried out a similar nuclear alignment experiment. 
They found anisotropic distributions for both the 530 keV line and the 92 keV line 
From their results it was found that the spin of the 530 keV transition was 1/24 
and that the 92 keV transition was a mixture of M1 and E2 with 6 = —0.17 + 0.155 

In order to throw some light on this discrepancy it was decided to carry out a 
gamma-gamma correlation experiment on the 320-92 keV cascade in Pm”, 

The Nd’? activity was obtained by bombarding neodymium oxide with thermal 
neutrons. Because of the simultaneous production of Nd™9(Ti,2 =1.8 h) and its 
daughter substance Pm™9(7'},.2 =50 h) the measurements started two weeks after 
the irradiation. The neodymium oxide was dissolved in alcohol and the solution w. 
used in the correlation experiment. 

The gamma spectrum in coincidence with the 92 keV line agreed with that foun 
by Hans e¢ al. [9]. By setting the discriminator channels on the respective photo 
peaks the contribution from other cascades can be neglected. 

The anisotropies A and U were determined as follows according to eqs. “ 
and (17): 

A = — 0.1099 + 0.0099, = — 0.0691 + 0.0099. 
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9. The relations between the mixing parameters 6, and 6, in the spin sequence 5/2(D + Q) 
7/2(D +Q)5/2. 6, =¢2(6,) for A, (full line). 6. =¢,(0,) for A, (dashed line). 


_ After correction for counter solid angle. the following correlation function was 
tained: . ‘ : 
W (0) =1 — (0.097 + 0.007) P, (cos 0) + (0.023 + 0.018) P, (cos 6). 


‘Accordingly it can be settled that the 92 keV gamma transition is not isotropic 

rich is in disagreement with Ambler eé al. [11]. 
_ The 320-92 keV cascade can be described by the spin sequence j-7/2-5/2, where 
j is the spin of the 410 keV level. The positive sign of the A, coefficient is significant 
and excludes the following j-values: 3/2, 7 /2 and 11 /2. The spins 5/2 and 9/2 can 
both fit the correlation data. However, 7 =9/2 is very unlikely, because the beta 
group from Nd" (9/2—) to this level is of lower intensity than the beta group to 
the 530 keV level (7/2 +). Thus it is concluded that the 410 keV level has spin 5/2. 
Accordingly the 320 keV transition might be a mixture of dipole and quadrupole 
radiations. The cascade can be described as 5/2(D +@Q)7/2(D +Q)5/2, with the 
mixing parameters 6, and 6,, respectively. 
_ With the experimentally determined A, and A, coefficients it is possible to obtain 
relations between 6, and 65. Fig. 9 shows 6, =4,(6;) for A, (full line) and 6, = (01) 
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. : 5) = +0.25 + 0.05. 


It is therefore concluded that the 92 keV transition in Pm’ is — 


8. Discussion of the Ba!21 and Nd? results 


The 122 keV transition in Cs!%! and the 92 keV transition in Pm™’ are both orbits 
momentum forbidden (J-forbidden) magnetic dipole transitions (Al = 2, Aj =1). I 
is therefore of interest to compare the mixing ratios with the single-particle mode 
estimate as done by Lindqvist and Marklund [14] in the case of TI?°. 

According to Moszkowski [15] the transition rates of a single proton for M1 an 


: 
| 
| 
) 
(94 + 2) % M1 + (6 +2) % E2. ae 
' 
| 


_ #2 gamma transitions are ) 
T (M1) = 2.8 x 108 (B,)?S(7,L7j5), ( ) 
T (EH2) =7.4 x 107(E,)® x A*® x 8(j,L4y), (21) 


where £, is the transition energy in MeV, S(j,Lj;) are statistical factors of the orde 
of unity, and A the nuclear mass number. The nuclear radius is taken as 1.2 x 10-18 x 
A'® em. The theoretical mixing parameter 6 for such a transition is then obtained 
from 


(22) 
We now assume that in an l-forbidden transition the M1 transition rate is retarded 
by a factor defined in ref. [14] as the “retarding factor’’ R. It is further assumed that 
the #2 transition rate is not changed [16]. i 


The experimentally determined mixing ratios for the /-forbidden transitions should 
then be 


T (E2) 


Min eo, 2 Nee 5 > 
rae T (M1) c R | 
—_ 
or from (22) and (23) — . (24) 
exp 


The results are shown in Table 2 together with the Tl? result. The agreement between 
the three cases is fairly good. The retardations of l-forbidden magnetic dipole transi- 
tions thus found are somewhat stronger than found earlier [17]. It should be pointed 
out that the single particle estimate is actually expected to be good only in the case 
of T°’, which has one single proton hole within the closed shell of 82 protons. 
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9. Determination of nuclear g-factors 


was intended to measure the g-factors of the first excited states in Cs!*! and 
47 by studying the influence of an external magnetic field on the angular correla- 
n. The lifetimes of the respective levels made such an attempt worth while. 
[he method of determining the g-factor of an intermediate level in a gamma 
ade is described by Steffen [18]. Under the influence of an external magnetic 
Id the angular correlation pattern is attenuated and simultaneously rotated by 
e angle w-t»), where w is the Larmor frequency and 7, is the lifetime of the inter- 
iate level. The influence can be described by the following formula: 


Pere 
-| x4 alg Lo eae 


[eos vyO—voT, sin v6 , (25) 
where B, are the coefficients in the correlation function W (0) => B,cos (v6), and 
wre thus related to A, in eq. (1). The magnitude of the g-factor can be determined 
rom the attenuation, and the sign of g follows from the direction of rotation. The 
elation between the Larmor frequency w, the g-factor and the magnetic field H is 


olga =. (26) 


where jy is the nuclear magneton. 

_ In our experiment we used a water-cooled electromagnet, giving fields up to 30000 
sauss. The angular correlation experiments with magnetic fields were carried out in 
» two-channel apparatus [19]. In order to avoid the influence of the magnetic field 
m the photomultipliers, it was necessary to introduce light guides between the 
Nal (Tl) crystals and the multipliers. Further, the multipliers were shielded with 
ron tubes (Fig. 10). 

_ The experimental set up was tested by measuring the g-factor of the 482 keV level 
n Ta!8! (Fig. 5). The lifetime of this level is 1.5 x 10~* s. First the anisotropy A 
‘eq. 3) for the 133-482 keV cascade in Ta!*! was determined as a function of the 
magnetic field. In this experiment only the angles 180° and 90° were measured. Fig. 110 
shows the experimental results (not corrected for counter solid angle) and the 
sheoretical curve for |g|=1.08. In a second experiment the angular correlation 
pattern was investigated in more detail for zero field and for 7000 gauss. The following 
yngles were measured: 135°, 157°5, 180°, 202°5, 225°, 247°5, and 270°. The result is 
shown in Fig. 11a, where the experimental points are not corrected for counter solid 
ungle. One sees immediately not only the attenuation but also the direction of the 
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Fig. 10. Experimental set up for determination of nuclear g-factors. 


rotation when the magnetic field is applied. From this experiment the sign of g 
was determined to be positive. The g-factor of the 482 keV level in Hf!*! was thus 
measured to be 


g = +1.08 + 0.10, 


which is in good agreement with earlier measurements [20, 21]. 

In the case of Cs!8! the anisotropy of the 496-122 keV cascade was too small 
(Chap. 7b) for a g-factor experiment. 

The anisotropy of the 320-92 keV cascade in Pm"? was found to be A = — 0.110+ 
0.010 (Chap. 7c), which is large enough for observing an attenuation. The lifetime of 
the 92 keV level was 3.5 x 10-® s. However, even with a fairly high field, 2500C 
gauss, the attenuation was very small: 


A (25000 gauss) = — 0.094 + 0.027. 


Taking the limits of error into consideration it is possible to give only an uppel 
limit of the g-factor in this case. It was not possible to measure the sign of g. 


With eqs. (25) and (26) one obtains the following upper limit for the g-factor of th 
92 keV level in Pm”: 


|g|< 1.0. 
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11. The influence of a magnetic field on the angular correlation of the 133-482 keV cascade 
181, (a) The correlation pattern for zero field and for 7000 gauss. (b) The anisotropy Aasa 
function of the magnetic field. 


; magnetic moment yw of a nuclear level-can be obtained when both spin (Z) and 


ctor are known. 
b=g-L-uy- (27) 


e spin of the 92 keV level in Pm™’ is 7/2 and therefore 
(972) = 3.5 uy. 


Asa comparison it can be noted that the Schmidt value [22] for the corresponding 
vel is 


= LT by 


and that the experimental values lie in the region 
2.0 uy S ws 3.0 py. 
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